(10) described a depression of monosynaptic group Ia EPSPs in extensor motoneurons with conditioning stimulation of group I afferents in nerves to nexor muscles which did not appear to alter the excitability of postsynaptic neurons.
Later, Frank (9) assumed that the interaction between the conditioning volley and the EPSP occurred at loci remote from the motoneuron cell body, and suggested that such "remote" inhibition could be due either to interaction between EPSPs and postsynaptic IPSPs in electrotonically distant dendritic sites or to a reduction in synaptic effectiveness caused by a mechanism operating directly on the presynaptic terminals.
In order to assess whether the Ia EPSP depression is entirely explained by presynaptic inhibition, the presence of remote postsynaptic inhibition must be ruled out. Detection of remote dendritic conductance changes by injecting current pulses into the motoneuron soma is not a very satisfactory test (25, 34) ; variations in cell firing to injected steady currents appears to be a more sensitive index of remote conductance changes and this method has been used to demonstrate the presence of remote postsynaptic inhibition during some conditioning inputs which may also depolarize the Ia terminal arborizations (1.2, 13, 18, 19) . Another index of the presence of effective remote inhibition in alpha motoneurons is the time course of the falling phase of the composite Ia EPSP itself, which largely represents EPSP components generated in the distal dendrites (25) . Local inhibitory conductances in remote dendritic sites should attenuate particularly these components causing an apparent faster rate of decay of the composite Ia EPSP (3, 24, 25, 36) . Accordingly, the observations that Ia EPSPs can be depressed by conditioning inputs without alteration of their falling phases (3, 8) have been interpreted as being due to a presynaptic mechanism.
More recently, Eide et al. (8) reported that monosynaptic EPSPs produced in motoneurons by stimulation of descending tracts were unaffected by conditioning volleys in flexor group I afferents which depressed Ia monosynaptic EPSPs. This was taken as evidence that the observed Ia EPSP depression was not due to remote postsynaptic inhibition because, if this were the case, the descending EPSP would also have been reduced by the conditioning volley. This conclusion implicitly assumes that the active terminals producing the two EPSP species end in electrotonic proximity to one another in the dendritic tree, an assumption not tested in the experiments of Eide et al. (8) . Although there is suggestive evidence that both species of terminals do overlap in space over the motoneuron surface (15, 16, 23) the extent of such overlap is unknown and could vary from one motoneuron to the other, as is the case with different Ia fibers (2, 21) . If it is assumed that remote inhibitory conductance changes are restricted to the vicinity of Ia fiber synaptic loci, EPSPs produced by other, electrotonically distant, synapses (e.g., of descending fibers) would be unaffected (see ref 2, 26) .
In the present series of experiments we studied the effects of conditioning volleys to sensory nerves on the mean and A preliminary account of some of these observations has been published elsewhere (32).
METHODS

General procedures
Cats (between 2.5 and 3.5 kg wt) were initially anesthetized with ether. The trachea was cannulated and both carotid arteries tied. The right lateral gastrocnemius plus soleus (CL), medial gastrocnemius (GM), biceps semitendinosus (BST), and sural (SU) nerves were dissected free, sectioned distally, and their central ends prepared for stimulation. Thereafter, the lumbosacral and lower thoracic spinal cord was exposed by laminectomy, the right L& 1 ventral roots were sectioned and their central ends prepared for stimulation. The spinal cord was completely sectioned at an upper thoracic level (Ta--T4) and a second section was made four segments caudally, leaving most of the right ventral funiculus (VF) intact (see Fig. lB (Fig. IA) . The stimulating electrode pair was usually placed as medially and ventrally as possible, in the region where the threshold for the descending volleys recorded from the cord dorsum was lowest (14-16, 22, 23, 38-40) .
Synaptic responses of spinal motoneurons were intracellularly recorded with glass micropipettes filled with 2 M potassium citrate. The stimuli to the VF and to the sensory nerves were automatically alternated by computer control to have the conditioned responses interposed between unconditioned responses. This procedure reduced possible effects due to slow drift in the synaptic responses and allowed accurate comparison of conditioned and test responses (for instance, see Fig. 5 ). The intracellular as well as the cord dorsum potentials were recorded on magnetic tape and later played back for analysis. Each data series, consisting of 100-200 responses, was processed separately using a PDP12 computer. The method employed for calculation of the mean and variance of the synaptic responses as a "continuous" function of time has been described elsewhere (28). The data presented in this paper were selected from a population of 80 gastrocnemius cells which could be held for a length of time sufficient for data collection (15 min to 1 h) with a membrane potential ranging from about 50 to 70 mV.
RESULTS
Synaptic potentials produced by VF stimulation
The synaptic potentials produced in gastrocnemius motoneurons by stimulation of the ventral funiculus will be a mixture of excitatory and inhibitory actions, depending on the relative proportion of vestibulospinal and reticulospinal axons activated (among others; see ref 38, 40) . In our hands, VF stimulation generally produced excitatory synaptic potentials, usually with two components (Fig. 2B ). The first component had a latency ranging from 0.4 to 0.6 ms (mean 0.43) after the arrival of the descending volley at the corresponding segmental level, and probably represents the EPSP produced by activation of vestibulospinal fibers synapsing has been reported that volleys in group I BST nerve fibers depolarize the Ia terminal arborizations ending within extensor motor nuclei (7, 29, 31) and reduce the corresponding monosynaptic Ia EPSPs (see ref 3, 6) . In the present series of experiments we analyzed the effects of BST conditioning on the Ia and VF monosynaptic EPSPs elicited in the same motoneuron.
Typical results are illustrated in Figs. 3 and 4. Every other Ia and VF EPSP was conditioned by short trains to the group I fibers in the BST nerve (1.3 x threshold of most excitable fibers). Such a low-intensity stimulus to the BST nerve was selected to avoid, as far as possible, long-latency postsynaptic conductance changes produced in motoneurons by stimulation of higher threshold fibers (see Fig. 5 EPSPs. It is illustrated because it was one of the few cases where the VF EPSPs appeared not to be contaminated with large polysynaptic components. In this cell the BST stimulus produced a slow depolarization followed by hyperpolarization.
With increasing BST volleys the depolarization was increased in size and duration and the hyperpolarization became less obvious. As shown in Fig.  5 , the peak of the VF EPSPs tested about 17 ms after the first of the three BST shocks was not importantly changed until the BST stimulus was above 1.66 times threshold strength.
With larger intensities, the VF EPSPs were reduced in size and their falling phase shortened. It should be noticed that the effects of BST stimulation of 2.5 and 3.3 x T strength on the VF EPSP size are not due to the changes in the membrane potential trajectory caused by the BST stimulus itself. Since at the time of the VF EPSP the cell membrane potential had practically recovered its control value, the shortening in the falling phase of the VF EPSP is probably produced by the same mechanism that reduced the VF EPSP size (see DIS-CUSSION sural nerve may increase Ia EPSPs, pre-fecting the amplitude of the monosynapsumably because of a relative hyperpolaritic descending EPSPs. The effects of zation (PAH) of the Ia fiber terminals high-threshold (above 2 x T) cutaneous (31). It was, therefore, interesting to com-afferents on Ia and VF monosynaptic pare the effects of SU conditioning EPSPs were not explored in the present both on the Ia and on the descending series of experiments. monosynaptic EPSPs. As shown in Table  1 Fig. 2 . Trace B in Fig. 2 shows the EPSP produced by VF stimulation and trace C, the Ia EPSP produced by stimulation of the gastrocnemius nerve. The continuous line in D shows the EPSP obtained during simultaneous stimulation of both pathways. The timing between the two shocks was adjusted so that both EPSPs had their onset at about the same time, because this provides the optimal conditions for interaction (2). The dotted trace in Fig. 20 shows the EPSP obtained after the algebraic addition of the two EPSPs shown in B of data was 90.3 -+ 6.4% of the predicted value, which is somewhat smaller than the average obtained from a comparable set by Burke (2) for interaction between pairs of Ia EPSPs (96%). As shown in Table 1 , during BST conditioning, summation between Ia and VF monosynaptic EPSPs was unchanged in three cases, increased in six cases, and reduced in four cases. On the other hand, SU conditioning reduced the amount of linear summation between the Ia and VF EPSPs in three of the five cases where this was tested, and had no effect in two cases.
Variance of monosynaptic In and VF EPSPs Rudomin et al. (28) have suggested that in the unanesthetized spinal cord, in addition to the random process which governs transmitter release intrinsic to a given synaptic terminal, there is another stochastic process affecting, in a correlated manner, transmitter release in large sets of Ia synaptic terminals. Such correlation in transmitter release seems to be achieved by membrane potential fluctuations imposed onto the Ia terminal arborizations by ongoing activity of the segmental mechanism mediating PAD. Conditioning volleys to muscle and to cutaneous nerves may reduce these correlated fluctuations, thereby affecting the information transmitted from Ia fibers to motoneurons (28, 30).
Since the experiments described in previous sections suggested that the VF fibers synapsing with motoneurons, unlike the Ia fibers, are not subjected to presynaptic modulation by PAD (Figs. 3 and 4) , it was of interest to compare the changes produced by BST conditioning volleys in the fluctuations of monosynaptic Ia and VF EPSPs elicited in the same motoneuron. VF EPSPs were generated by supramaxima1 stimulation of the descending tract. care had to be taken to avoid changes in stimulus strength because of movements.
The continuous traces in Fig. 6B and C show the mean and variance of the Ia EPSP elicited in a gastrocnemius motoneuron (see ref 28 for a full description of the method for the variance computation). During the Ia EPSP, the variance of the motoneuron membrane potential usually increased above base-line levels with a time course approximately matching the Ia EPSP itself (see also Fig. 7 and ref 28).
In most cases, during the VF EPSP, the variance was also increased above baseline levels, usually with two well-defined components. The first component was This effect seems to be to some extent independent of the changes in the mean size of the Ia EPSP and in base-line variance (i.e., the fluctuations due to ongoing postsynaptic activity) produced by the conditioning volley. The above observations have been confirmed in the present series of experiments (Figs. 6C and 7C, dotted traces). As shown in Table 2 (columns 3 and 4), in five gastrocnemius cells where this was tested, BST conditioning volleys reduced the variance of the Ia EPSP peak (measured as variance increment above base-line levels) to a mean value of 43% relative to control values. In contrast with this effect, the same conditioning volleys either had no effect (two cases) or slightly increased (five cases) the variance at'the time of the VF monosynaptic EPSP. The mean value of this change was of 110.0%.
DISCUSSION
Presynaptic origin of Ia EPSP amplitude changes produced by conditioning volleys
The observations presented in this paper show that conditioning volleys to sensory nerves may change the amplitude of the monosynaptic Ia EPSPs without affecting the amplitude of the monosynaptic component of the EPSP produced by stimulation of the ventral funiculus in the thoracic spinal cord. Evidence is provided also that in many instances the monosynaptic EPSPs produced by stimulation of the two pathways added less than linearly.
According to Burke (2), the fact that less than linear EPSP summations are seen (e.g., Figs. 3 and 4 and Table 1) implies that at least one of the monosynaptic EPSPs is generated by a transmembrane conductance change, as expected from chemical synapses. The nonlinearity of summation is viewed as the result of mutual interaction of perturbations (conductance changes and attendant potential several cases where BST conditioning increased the linear summation between the two species of 6, 7, and 9) . This implies that the inhibitory action reduced the Ia EPSPs generated in the synaptic loci overlapping with VF fibers. If this effect were postsynaptic, the VF EPSPs generated in these same loci would be expected to be reduced to the same extent as the Ia EPSPs, but this was not observed. Hence, it is reasonable to assume that the depression of the Ia EPSPs produced under such conditions was due to a presynaptic mechanism.
As shown in Table 1 Fig. 4 , it is not certainly the case in Fig. 3 Regardless of the mechanisms generating the EPSP fluctuations, it is important to-point out that BST conditioning-volleys changed the fluctuations contrib\ted by the Ia and VF EPSPs in opposite directions (cf. Table 2 , columns 3 and 4). The extent to which variance changes in EPSP amplitude will affect cell firing will also depend on the concomitant base-line variance w hich was sometimes increased and sometimes decreased by the conditioning volleys (Table 2 , column 5). With the available evidence, which is rather limited, it is difficult to envisage what would be the overall firing behavior of the motoneuron pool, even in this particular set of conditions. However, it -may be suggested, as a working hypothesis, that in some conditions a given sensory input may affect in a differential manner the information conveyed by the cell ensemble (see ref 30), depending on whether the routes utilized to monosynaptically activate the cells are subjected to a mechanism of presynaptic modulation.
The functional consequences of such a differential modulation of information flow are rather interesting, and it is hoped that in the future better methods of analvsis will be available to examine this possibility. 
